In operation since 2014, the NASA K2 Mission (Howell 2014 ) is using the Kepler telescope to photometrically monitor tens of thousands of stars and other astronomical objects over the course of 70-80 day campaigns. Observations are focused on regions in the ecliptic plane. The mission publicly releases all of its imaging data as well as light curves for the majority of targets.
With a ∼ 10 • × 10 • field of view, Kepler's full frame images are too large to efficiently downlink more than twice per campaign. Therefore, images of most targets are provided as small postage stamp cut-outs, of order 10 × 10 pixels. For uncrowded point sources, precise differential photometry can be extracted from these stamps using simple aperture photometry (with, e.g., pyke; PyKE Contributors 2017). Light curve production becomes more problematic for extended sources such as open clusters, galaxies, and globular clusters. These spatially large targets are typically observed as "superstamps," which consist of many smaller stamps that can be tiled together to form a complete image of the region of interest. While it is useful for photometry and data analysis to have the full superstamp images, to date the mission has only released the postage stamps-leaving it up to the user to reassemble each superstamp. In this note, we detail a new public release of full K2 superstamp images at 30 minute cadence for the four open clusters M35, M67, Ruprecht 147, and NGC 6530 (Lagoon Nebula Cluster, hereafter "the Lagoon").
CREATION OF FITS IMAGES
The K2 pipeline uniformly processes all imaging data in each campaign. After basic calibrations, the postage stamps from all observing epochs in a given K2 campaign are stacked into a target pixel file ("TPF") and released through the Barbara A. Mikulski Archive for Space Telescopes (MAST)
1 . This is the case regardless of whether the target is a single star or an extended object. Superstamp images thus consist of many target pixel files that must be unstacked in the time domain and stitched together in the spatial domain. We have created a pipeline to do just this, and we detail the process here. Python code is available on Github 2 . For every observing epoch ("cadence"), we seamlessly stitch the TPF frames together by using the detector coordinates. For superstamps that cross detector channel boundaries (i.e., M67 and the Lagoon), some of the stamps must be flipped about one axis before stitching. This is a result of the way detector coordinates are assigned; the readout direction reverses from one CCD channel to the next.
Final images consist of the 'FLUX' data from the original TPFs. As of this writing, the 'FLUX' data for M67 and Ruprecht 147 have been background subtracted by the K2 pipeline, while for M35 and the Lagoon they have not. The
Corresponding author: Ann Marie Cody annmarie.cody@nasa.gov final images are written to a FITS file. Header information from the original TPFs is carried forward. TPF header keywords intended for single targets are removed. We calculate and add 'DATE-OBS' and 'DATE-END' in UTC. The initial superstamp images that we generate do not have accurate world coordinate systems (WCS). The WCS keywords in the original TPFs apply to all epochs, despite the fact that there is pixel-level jitter of targets. We carried out a new astrometric calibration. We employed the Astrometry.net program (Lang et al. 2010) , which used triangles of USNO-B catalog stars to determine and apply a WCS solution. The user can accurately convert between right ascension and declination of an object and its time-dependent pixel position using this solution.
For most of the superstamp images, the Astrometry.net WCS solution is sufficient to produce an accurate translation between RA/Dec and x/y pixel coordinates. But in the case of the Lagoon images, we found that nebulosity in the region prevented enough USNO-B stars from being detected for a good WCS solution. The WCS put in place by Astrometry.net displays a uniform shift of 1-2 pixels that is evident when overlaying 2MASS catalog positions on the images. To correct this problem, we selected 24 moderately bright 2MASS stars to recalibrate the WCS. For this task, we employed the IRAF (Tody 1993) task CCMAP to solve for a new solution based on the known 2MASS coordinates and x, y centroid positions determined by the PyKE tool kepprf. This new solution was then used to overwrite the previous FITS header keywords.
PUBLIC SUPERSTAMP IMAGE RELEASE
The assembled and astrometrically calibrated superstamp FITS images for M35, M67, Ruprecht 147, and NGC 6530 are now available as a High Level Science Product on MAST 3 with DOI [10.17909/T9M09M]. We provide a sample
